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(54) Drug-releasing trabecular implant for glaucoma treatment 



(57) A device and method are provided for improved 
treatment of elevated intraocular pressure due to glau- 
coma. A trabecular shunting device is adapted for im- 
plantation within the trabecular meshwork of an eye 
such that aqueous humor flows controllably from the an- 
terior chamber of the eye to Schlemm's canal, bypass- 
ing the trabecular meshwork. The trabecular shunting 
device may utilize a quantity of pharmaceuticals effec- 
tive in treating g!aucoma : which are controllably re- 
leased from the device into cells of the trabecular mesh- 
work and/or Schlemm's canal. Depending upon the spe- 
cific treatment contemplated, pharmaceuticals may be 
utilized in conjunction with the trabecular shunting de- 
vice such that aqueous flow either increases or decreas- 
es as desired. Placement of the trabecular shunting de- 
vice within the eye, and release of a glaucoma medica- 
tion therefrom, can arrest or slow the progression of 
glaucoma. 
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Description 

Cross Reference to Related Application 

[0001] This application claims the priority benefit of U. 
S. Provisional Application No. 60/281,247, entitled 
"Drug Slow Release for Glaucoma Treatment," filed 
April 3, 2001 , the entirety of which is hereby incorporat- 
ed by reference. 

Background of the Invention 

Field of the Invention 

[0002] This invention relates to reducing intraocular 
pressure within the animal eye. More particularly, this 
invention relates to a treatment of glaucoma wherein 
aqueous humor is permitted to flow out of an anterior 
chamber of the eye through a surgically implanted path- 
way. Furthermore, this invention relates to a direct de- 
livery of pharmaceuticals to ocular tissue through an im- 
plant. 

Description of the Related Art 

[0003] As is well known in the art, a human eye is a 
specialized sensory organ capable of light reception and 
is able to receive visual images. Aqueous humor is a 
transparent liquid that fills the region between the cor- 
nea, at the front of the eye, and the lens. A trabecular 
meshwork, located in an anterior chamber angle formed 
between the iris and the cornea, serves as a drainage 
channel for aqueous humor from the anterior chamber, 
which maintains a balanced pressure within the anterior 
chamber of the eye. 

[0004] About two percent of people in the United 
States have glaucoma. Glaucoma is a group of eye dis- 
eases encompassing a broad spectrum of clinical pres- 
entations, etiologies, and treatment modalities. Glauco- 
ma causes pathological changes in the optic nerve, vis- 
ible on the optic disk, and it causes corresponding visual 
field loss, resulting in blindness if untreated. Lowering 
intraocular pressure is the major treatment goal in all 
glaucomas. 

[0005] In glaucomas associated with an elevation in 
eye pressure (intraocular hypertension), the source of 
resistance to outflow is mainly in the trabecular mesh- 
work. The tissue of the trabecular meshwork allows the 
aqueous humor (hereinafter referred to as "aqueous") 
to enter Schlemm's canal, which then empties into aque- 
ous collector channels in the posterior wall of Sch- 
lemm's canal and then into aqueous veins, which form 
the episcleral venous system. Aqueous is continuously 
secreted by a ciliary body around the lens, so there is a 
constant flow of aqueous from the ciliary body to the an- 
terior chamber of the eye. Pressure within the eye is de- 
termined by a balance between the production of aque- 
ous and its exit through the trabecular meshwork (major 



route) and uveal scleral outflow (minor route). The por- 
tion of the trabecular meshwork adjacent to Schlemm's 
canal (the juxtacanilicular meshwork) causes most of 
the resistance to aqueous outflow. 
5 [0006] Glaucoma is broadly classified into two cate- 
gories: closed-angle glaucoma, also known as angle 
closure glaucoma, and open-angle glaucoma. Closed- 
angle glaucoma is caused by closure of the anterior 
chamber angle by contact between the iris and the inner 

10 surface of the trabecular meshwork. Closure of this an- 
atomical angle prevents normal drainage of aqueous 
from the anterior chamber of the eye. Open-angle glau- 
coma is any glaucoma in which the exit of aqueous 
through the trabecular meshwork is diminished while the 

15 angle of the anterior chamber remains open. For most 
cases of open-angle glaucoma, the exact cause of di- 
minished filtration is unknown. Primary open-angle 
glaucoma is the most common of the glaucomas, and 
is often asymptomatic in the early to moderately ad- 

20 vanced stages of glaucoma. Patients may suffer sub- 
stantial, irreversible vision loss prior to diagnosis and 
treatment. However, there are secondary open-angle 
glaucomas which may include edema or swelling of the 
trabecular spaces (e.g., from corticosteroid use), abnor- 

25 mal pigment dispersion, or diseases such as hyperthy- 
roidism that produce vascular congestion. 
[0007] All current therapies for glaucoma are directed 
toward decreasing intraocular pressure. Currently rec- 
ognized categories of drug therapy for glaucoma in- 

30 dude: (1 ) Miotics (e.g., pilocarpine, carbachol, and ace- 
tylcholinesterase inhibitors), (2) Sympathomimetics (e. 
g., epinephrine and dipivalylepinephxine), (3) Beta- 
blockers (e.g., betaxolol, levobunolol and timolol), (4) 
Carbonic anhydrase inhibitors (e.g., acetazolamide, 

35 methazolamide and ethoxzolamide), and (5) Prostag- 
landins (e.g., metabolite derivatives of arachindonic ac- 
id). Medical therapy includes topical ophthalmic drops 
or oral medications that reduce the production of aque- 
ous or increase the outflow of aqueous. However, drug 

40 therapies for glaucoma are sometimes associated with 
significant side effects. The most frequent and perhaps 
most serious drawback to drug therapy is that patients, 
especially the elderly, often fail to correctly self-medi- 
cate. Such patients forget to take their medication at the 

45 appropriate times or else administer eye drops improp- 
erly, resulting in under- or over-dosing. Because the ef- 
fects of glaucoma are irreversible, when patients dose 
improperly, allowing ocular concentrations to drop be- 
low appropriate therapeutic levels, further permanent 

50 damage to vision occurs. Furthermore, current drug 
therapies are targeted to be deposited directly into the 
ciliary body where the aqueous is produced. And, cur- 
rent therapies do not provide for a continuous slow-re- 
lease of the drug. When drug therapy fails, surgical ther- 

55 apy is pursued. 

[0008] Surgical therapy for open-angle glaucoma 
consists of laser trabeculoplasty, trabeculectomy, and 
implantation of aqueous shunts after failure of trab- 
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eculectomy or if trabeculectomy is unlikely to succeed. 
Trabeculectomy is a major surgery that is widely used 
and is augmented with topically applied anticancer 
drugs, such as 5-flurouracil or mitomycin-C to decrease 
scarring and increase the likelihood of surgical success. 
[0009] Approximately 100,000 trabeculectomies are 
performed on Medicare-age patients per year in the 
United States. This number would likely increase if oc- 
ular morbidity associated with trabeculectomy could be 
decreased. The current morbidity associated with trab- 
eculectomy consists of failure (10-1 5%); infection (a life 
long risk of 2-5%); choroidal hemorrhage, a severe in- 
ternal hemorrhage from low intraocular pressure, result- 
ing in visual loss (1%); cataract formation; and hypotony 
maculopathy (potentially reversible visual loss from low 
intraocular pressure). For these reasons, surgeons 
have tried for decades to develop a workable surgery 
for the trabecular meshwork. 

[0010] The surgical techniques that have been tried 
and practiced are goniotomy/trabeculotomy and other 
mechanical disruptions of the trabecular meshwork, 
such as trabeculopuncture, goniophotoablation, laser 
trabecular ablation, and goniocurretage. These are all 
major operations and are briefly described below. 
[0011] Goniotomy and trabeculotomy are simple and 
directed techniques of microsurgical dissection with me- 
chanical disruption of the trabecular meshwork. These 
initially had early favorable responses in the treatment 
of open-angle glaucoma. However, long-term review of 
surgical results showed only limited success in adults. 
In retrospect, these procedures probably failed due to 
cellular repair and fibrosis mechanisms and a process 
of "filling in." Filling in is a detrimental effect of collapsing 
and closing in of the created opening in the trabecular 
meshwork. Once the created openings close, the pres- 
sure builds back up and the surgery fails. 
[0012] Q-swrtched Neodynium (Nd) YAG lasers also 
have been investigated as an optically invasive trabec- 
ulopuncture technique for creating full-thickness holes 
in trabecular meshwork. However, the relatively small 
hole created by this trabeculopuncture technique exhib- 
its a filling-in effect and fails. 

[001 3] Goniophotoablation is disclosed by Berlin in U. 
S. Pat. No. 4,846,172 and involves the use of an excimer 
laserto treat glaucoma by ablating the trabecular mesh- 
work. This method did not succeed in a clinical trial. Hill 
et al. used an Erbium YAG laser to create full-thickness 
holes through trabecular meshwork (Hill et al., Lasers 
in Surgery and Medicine 11:341346, 1991). This laser 
trabecular ablation technique was investigated in a pri- 
mate model and a limited human clinical trial at the Uni- 
versity of California, Irvine. Although ocular morbidity 
was zero in both trials, success rates did not warrant 
further human trials. Failure was again from filling in of 
surgically created defects in the trabecular meshwork 
by repair mechanisms. Neither of these is a viable sur- 
gical technique for the treatment of giaucoma. 
[0014] Goniocurretage is an "ab intemo" (from the in- 



side), mechanically disruptive technique that uses an in- 
strument similar to a cyclodialysis spatula with a micro- 
currette at the tip. Initial results were similar to trabec- 
ulotomy: it failed due to repair mechanisms and a proc- 

5 ess of filling in. 

[0015] Although trabeculectomy is the most common- 
ly performed filtering surgery, viscocanulostomy (VC) 
and non penetrating trabeculectomy (NPT) are two new 
variations of filtering surgery. These are "ab externo" 

10 (from the outside), major ocular procedures in which 
Schiemm's canal is surgically exposed by making a 
large and very deep scleral flap. In the VC procedure, 
Schiemm's canal is cannulated and viscoelastic sub- 
stance injected (which dilates Schiemm's canal and the 

15 aqueous collector channels). In the NPT procedure, the 
inner wall of Schiemm's canal is stripped off after surgi- 
cally exposing the canal. 

[0016] Trabeculectomy, VC, and NPT involve the for- 
mation of an opening or hole under the conjunctiva and 
20 scleral flap into the anterior chamber, such that aqueous 
is drained onto the surface of the eye or into the tissues 
located within the lateral wall of the eye. These surgical 
operations are major procedures with significant ocular 
morbidity. When trabeculectomy, VC, and NPT are 
25 thought to have a low chance for success, a number of 
implantable drainage devices have been used to ensure 
that the desired filtration and outflow of aqueous through 
the surgical opening will continue. The risk of placing a 
glaucoma drainage device also includes hemorrhage, 
30 infection, and diplopia (double vision). 

[0017] Examples of implantable shunts and surgical 
methods for maintaining an opening for the release of 
aqueous from the anterior chamber of the eye to the 
sclera or space beneath the conjunctiva have been dis- 
ss closed in, for example, Hsia et al., U.S. Patent No. 
6,059,772 and Baerveldt, U.S. Patent No. 6 : 050,970. 
[0018] All of the above embodiments and variations 
thereof have numerous disadvantages and moderate 
success rates. They involve substantial trauma to the 
40 eye and require great surgical skill in creating a hole 
through the full thickness of the sclera into the subcon- 
junctival space. The procedures are generally per- 
formed in an operating room and involve a prolonged 
recovery time for vision. The complications of existing 
45 filtration surgery have prompted ophthalmic surgeons to 
find other approaches to lowering intraocular pressure. 
[0019] Because the trabecular meshwork and juxta- 
canilicular tissue together provide the majority of resist- 
ance to the outflow of aqueous, they are logical targets 
so for surgical removal in the treatment of open-angle glau- 
coma. In addition, minimal amounts of tissue need be 
altered and existing physiologic outflow pathways can 
be utilized. 

[0020] As reported in Arch. Ophthalm. (2000) 118: 
55 412, glaucoma remains a leading cause of blindness, 
and filtration surgery remains an effective, important op- 
tion in controlling glaucoma. However, modifying exist- 
ing filtering surgery techniques in any profound way to 
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increase their effectiveness appears to have reached a 
dead end. The article further states that the time has 
come to search for new surgical approaches that may 
provide better and safer care for patients with glaucoma. 
[0021] What is needed, therefore, is an extended, site 
specific treatment method for glaucoma that is faster, 
safer, and less expensive than currently available mo- 
dalities. 

Summary of the Invention 

[0022] A device and method are provided for im- 
proved treatment of intraocular pressure due to glauco- 
ma. A trabecular shunting device is adapted for implan- 
tation within a trabecular meshwork of an eye such that 
aqueous humor flows controllably from an anterior 
chamber of the eye to Schlemm's canal, bypassing the 
trabecular meshwork. The trabecular shunting device 
comprises a quantity of pharmaceuticals effective in 
treating glaucoma, which are controllably released from 
the device into cells of the trabecular meshwork and/or 
Schlemm's canal. Depending upon the specific treat- 
ment contemplated, pharmaceuticals may be utilized in 
conjunction with the trabecular shunting device such 
that aqueous flow either increases or decreases as de- 
sired. Placement of the trabecular shunting device with- 
in the eye and incorporation, and eventual release, of a 
proven pharmaceutical glaucoma therapy will reduce, 
inhibit or slow the effects of glaucoma. 
[0023] One aspect of the invention provides a trabec- 
ular shunting device that is implantable within an eye. 
The device comprises an inlet section containing at least 
one lumen, a flow- restricting member within the lumen 
that is configured to prevent at least one component of 
blood from passing through the flow-restricting member, 
an outlet section having a first outlet end and a second, 
opposite outlet end. The outlet section has at least one 
lumen which opens to at least one of the first and second 
outlet ends. The device further comprises a middle sec- 
tion having at least one lumen. The middle section is 
fixedly attached to the outlet section between the first 
and second outlet ends, and the lumen is in fluid com- 
munication with the lumen of the outlet section. The mid- 
dle section is fixedly attached to the inlet section and 
the lumen within the middle section in fluid communica- 
tion with the lumen of the inlet section. The device is 
configured to permit fluid entering the lumen of the inlet 
section to pass through the flow- restricting member, en- 
ter the lumen of the middle section, pass into the lumen 
of the outlet section, and then exit the outlet section 
through at least one of the first and second outlet ends. 
[0024] Another aspect of the invention provides a 
method of treating glaucoma. The method comprises 
providing at least one pharmaceutical substance incor- 
porated into a trabecular shunting device, implanting the 
trabecular shunting device within a trabecular mesh- 
work of an eye such that a first end of the trabecular 
shunt is positioned in an anterior chamber of the eye 



while a second end is positioned in a Schlemm's canal, 
and allowing the shunting device to release a quantity 
of the pharmaceutical substance into the eye. The first 
and second ends of the trabecular shunting device es- 

5 tablish a fluid communication between the anterior 
chamber and the Schlemm's canal. 
[0025] In another aspect of the invention, a method of 
regulating aqueous humor outflow within an eye is pro- 
vided. The method comprises creating an incision in a 

10 trabecular meshwork of the eye : wherein the incision is 
substantially parallel with a circumference of a limbus of 
the eye, inserting an outlet section of a trabecular shunt- 
ing device through the incision into Schlemm's canal 
such that the outlet section resides within Schlemm's 

*5 canal while an inlet section of the trabecular shunting 
device resides in the anterior chamber, and initiating an 
outflow of aqueous humor from the anterior chamber 
through the trabecular shunting device into Schlemm's 
canal. 

20 [0026] Still another aspect of the invention provides a 
method of regulating intraocular pressure within an eye. 
The method comprises making an incision passing into 
a trabecular meshwork of the eye, wherein the incision 
is oriented lengthwise substantially parallel with a cir- 

25 cumference of a limbus. The incision establishes a fluid 
communication between an anterior chamber and Sch- 
lemm's canal of the eye. The method further comprises 
implanting a trabecular shunting device through the in- 
cision such that an outlet section of the trabecular shunt- 

30 jng device resides within Schlemm's canal and an inlet 
section of the trabecular shunting device resides within 
the anterior chamber. The method still further comprises 
establishing a fluid transfer from the anterior chamber 
through the trabecular shunting device into Schlemm's 

35 canal. 

[0027] Another aspect of the invention provides an 
apparatus for implanting a trabecular shunting device 
within an eye. The apparatus comprises a syringe por- 
tion and a cannula portion that has proximal and distal 

40 ends. The proximal end of the cannula portion is at- 
tached to the syringe portion. The cannula portion fur- 
ther comprises a first lumen and at least one irrigating 
hole disposed between the proximal and distal ends of 
the cannula portion. The irrigating hole is in fluid com- 

^5 munication with the lumen. The apparatus further in- 
cludes a holder comprising a second lumen for holding 
the trabecular shunting device. A distal end of the sec- 
ond lumen opens to the distal end of the cannula portion, 
and a proximal end of the second lumen is separated 

50 from the first lumen of the cannula portion. The holder 
holds the trabecular shunting device during implantation 
of the device within the eye, and the holder releases the 
trabecular shunting device when a practitioner activates 
deployment of the device. 

55 [0028] Another aspect of the invention provides a 
method of implanting a trabecular shunting device within 
an eye. The method comprises creating a first incision 
in a cornea on a first side of the eye, wherein the first 
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incision passes through the cornea into an anterior 
chamber of the eye. The method further comprises 
passing an incising device through the first incision and 
moving a distal end of the incising device across the an- 
terior chamber to a trabecular meshwork residing on a 
second side of the eye, and using the incising device to 
create a second incision. The second incision is in the 
trabecular meshwork, passing from the anterior cham- 
ber through the trabecular meshwork into a Schlemm's 
canal. The method further comprises inserting the 
trabecular shunting device into a distal space of a deliv- 
ery applicator. The delivery applicator comprises a can- 
nula portion having a distal end and a proximal end at- 
tached to a syringe portion. The cannula portion has at 
least one lumen and at least one irrigating hole disposed 
between proximal and distal ends of the cannula portion. 
The irrigating hole is in fluid communication with the lu- 
men. The distal space comprises a holder that holds the 
trabecular shunting device during delivery and releases 
the trabecular shunting device when a practitioner acti- 
vates deployment of the device. The method further 
comprises advancing the cannula portion and the 
trabecular shunting device through the first incision, 
across the anterior chamber and into the second inci- 
sion, wherein an outlet section of the trabecular shunting 
device is implanted into Schlemm's canal while an inlet 
section of the trabecular shunting device remains in fluid 
communication with the anterior chamber. The method 
still further comprises releasing the trabecular shunting 
device from the holder of the delivery applicator. 

Brief Description of the Drawings 

[0029] FIGURE 1 is a coronal, cross-sectional view of 
an eye. 

[0030] FIGURE 2 is an enlarged cross-sectional view 
of an anterior chamber angle of the eye of FIGURE 1. 
[0031] FIGURE 3 is an oblique elevation view of one 
embodiment of a trabecular shunting device. 
[0032] FIGURE 4 is an oblique elevation view of an- 
other embodiment of a trabecular shunting device. 
[0033] FIGURE 5A is an oblique elevation view of 
placement of one end of a trabecular shunting device 
through a trabecular meshwork. 

[0034] FIGURE 5B is an oblique elevation view of 
placement of one end of a trabecular shunting device 
through a trabecular meshwork, wherein the trabecular 
shunting device is passed over a guidewire. 
[0035] FIGURE 6 is an oblique elevation view of a pre- 
ferred implantation of a trabecular shunting device 
through a trabecular meshwork. 

[0036] FIGURE 7 is an enlarged, cross-sectional view 
of a preferred method of implanting a trabecular shunt- 
ing device within an eye. 

[0037] FIGURE 8 is a perspective view of an anterior 
chamber angle of an eye, illustrating a trabecular shunt- 
ing device positioned within a trabecular meshwork. 
[0038] FIGURE 9 is a close-up, cut-away view of an 



inlet section of the trabecular shunting device of FIG- 
URES 3 and 4, illustrating a flow- restricting member re- 
tained within a lumen of the trabecular shunting device. 

5 Detailed Description of the Preferred Embodiments 

[0039] The preferred embodiments of the present in- 
vention described below relate particularly to surgical 
and therapeutic treatment of glaucoma through reduc- 

10 tion of intraocular pressure. While the description sets 
forth various embodiment specific details, it will be ap- 
preciated that the description is illustrative only and 
should not to be construed in any way as limiting the 
invention. Furthermore, various applications of the in- 

15 vention, and modifications thereto, which may occur to 
those who are skilled in the art, are also encompassed 
by the general concepts described below. 
[0040] FIGURE 1 is a cross-sectional view of an eye 
10, while FIGURE 2 is a close-up view showing the rel- 

20 ative anatomical locations of a trabecular meshwork 21 , 
an anterior chamber 20, and a Schlemm's canal 22. A 
sclera 1 1 is a thick collagenous tissue which covers the 
entire eye 1 0 except a portion which is covered by a cor- 
nea 12. The cornea 12 is a thin transparent tissue that 

25 focuses and transmits light into the eye and through a 
pupil 14, which is a circular hole in the center of an iris 
13 (colored portion of the eye). The cornea 12 merges 
into the sclera 11 at a juncture referred to as a limbus 
15. A ciliary body 16 extends along the interior of the 

30 sclera 11 and is coextensive with a choroid 17. The 
choroid 17 is a vascular layer of the eye 10, located be- 
tween the sclera 1 1 and a retina 1 8. An optic nerve 19 
transmits visual information to the brain and is the ana- 
tomic structure that is progressively destroyed by glau- 

35 coma. 

[0041] The anterior chamber 20 of the eye 1 0, which 
is bound anteriorly by the cornea 12 and posteriorly by 
the iris 13 and a lens 26, is filled with aqueous humor 
(hereinafter referred to as "aqueous"). Aqueous is pro- 

40 duced primarily by the ciliary body 16, then moves an- 
teriorly through the pupil 14 and reaches an anterior 
chamber angle 25, formed between the iris 13 and the 
cornea 12. In a normal eye, aqueous is removed from 
the anterior chamber 20 through the trabecular mesh- 

45 work 21 . Aqueous passes through the trabecular mesh- 
work 21 into Schlemm's cana! 22 and thereafter through 
a plurality of aqueous veins 23, which merge with blood- 
carrying veins, and into systemic venous circulation. In- 
traocular pressure is maintained by an intricate balance 

50 between secretion and outflow of aqueous in the man- 
ner described above. Glaucoma is, in most cases, char- 
acterized by an excessive buildup of aqueous in the an- 
terior chamber 20 which leads to an increase in intraoc- 
ular pressure. Fluids are relatively incompressible, and 

55 thus intraocular pressure is distributed relatively uni- 
formly throughout the eye 10. 

[CC42] As shown in FIGURE 2, the trabecular mesh- 
work 21 is adjacent a small portion of the sclera 11 . Ex- 
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teriorto the sclera 11 is a conjunctiva 24 Traditional pro- 
cedures that create a hole or opening for implanting a 
device through the tissues of the conjunctiva 24 and 
sclera 1 1 involve extensive surgery, as compared to sur- 
gery for implanting a device, as described herein, which 
ultimately resides entirely within the confines of the scle- 
ra 1 1 and cornea 1 2. FIGURE 8 generally illustrates the 
use of one embodiment of a trabecular shunting device 
31 for establishing an outflow pathway, passing through 
the trabecular meshwork 21, which is discussed in 
greater detail below. 

[0043] FIGURE 3 illustrates a preferred embodiment 
of a trabecular shunting device 31 which facilitates the 
outflow of aqueous from the anterior chamber 20 into 
Schlemm's canal 22, and subsequently into the aque- 
ous collectors and the aqueous veins so that intraocular 
pressure is reduced. In the illustrated embodiment, the 
trabecular shunting device 31 comprises an inlet section 
2, having an inlet opening 3, a middle section 4, and an 
outlet section 9. The middle section 4 may be an exten- 
sion of, or may be coextensive with, the inlet section 2. 
The outlet section 9 is preferably somewhat flexible to 
facilitate positioning of the outlet section 9 within an out- 
flow pathway of the eye 1 0. The outlet section 9 is pref- 
erably substantially perpendicular to the middle section 
4. "Substantially perpendicular," as used herein, is de- 
fined as subtending an angle between longitudinal axes 
of the sections 4, 9 ranging between about 30 degrees 
and about 150 degrees. The device 31 further compris- 
es at least one lumen 7 within sections 4 and 9 which is 
in fluid communication with the inlet opening 3 of section 
2, thereby facilitating transfer of aqueous through the 
device 31 . 

[0044] The outlet section 9 preferably has a first outlet 
end 6 and a second, opposite outlet end 5. The lumen 
7 within the outlet section 9 opens to at least one of the 
outlet ends 5,6. Furthermore, the outlet section 9 may 
have a plurality of side openings 77, each of which is in 
fluid communication with the lumen 7, for transmission 
of aqueous. The middle section 4 is connected to or co- 
extensive with the outlet section 9 and is disposed be- 
tween the first outlet end 6 and the second outlet end 5. 
In a preferred embodiment, the outlet section 9 is curved 
around a point, or curve center, and the middle section 
4 extends substantially along a plane that contains the 
curve center. In this embodiment, the outlet section 9 
has a radius of curvature ranging between about 4 mm 
and about 10 mm. 

[0045] As will be apparent to a person skilled in the 
art, the lumen 7 and the remaining body of the outlet 
section 9 may have a cross-sectional shape that is oval, 
circular, or other appropriate shape. The cross-sectional 
shapes of the lumen 7 and the outlet section 9 preferably 
conform to the shape of the outflow pathway into which 
the outlet section 9 is placed. The opening of the lumen 
7 of the outlet ends 5,6 may be ovoid in shape to match 
the contour of Schlemm's canal 22. Further, an outer 
contour of the outlet section 9 may be elliptical (e.g., 



10 

ovoid) in shape to match the contour of Schlemm's canal 
22. This serves to minimize rotational movement of the 
outlet section 9 within Schlemm's canal 22, and thereby 
stabilizes the inlet section 2 with respect to the iris and 
5 cornea. 

[0046] A circumferential ridge 8 is provided at the 
junction of the inlet section 2 and the middle section 4 
to facilitate stabilization of the device 31 once implanted 
within the eye 10. Preferably, the middle section 4 has 

10 a length (between the ridge 8 and the outlet section 9) 
that is roughly equal to a thickness of the trabecular 
meshwork 21, which typically ranges between about 
1 00 u.m and about 300 u.m. In addition, the outlet section 
9 may advantageously be formed with a protuberance 

1 5 or spur projecting therefrom so as to further stabilize the 
device 31 within the eye 10 without undue suturing. 
[0047] FIGURE 9 is a close-up view of the inlet section 
2 of the trabecular shunting device 31 , illustrating a flow- 
restricting member 72 which is tightly retained within a 

20 lumen 78. The flow-restricting member 72 is shown lo- 
cated close to an inlet side 71 of the inlet section 2. The 
flow-restricting member 72 serves to selectively restrict 
at least one component in blood from moving retro- 
grade, i.e., from the outlet section 9 into the anterior 

25 chamber 20 of the eye 10. Alternatively, the flow-restrict- 
ing member 72 may be situated in any location within 
the device 31 such that blood flow is restricted from ret- 
rograde motion. The flow-restricting member 72 may, in 
other embodiments., be a filter made of a material se- 

30 lected from the following filter materials: expanded pol- 
ytetrafluoroethylene, cellulose, ceramic, glass s Nylon, 
plastic, and fluorinated material such as polyvinylidene 
fluoride ("PVDF") (trade name: Kynar, by DuPont). 
[0048] The trabecular shunting device 31 may be 

35 made by molding, thermo-forming, or other micro-ma- 
chining techniques. The trabecular shunting device 31 
preferably comprises a biocompatible material such that 
inflammation arising due to irritation between the outer 
surface of the device 31 and the surrounding tissue is 

40 minimized. Biocompatible materials which may be used 
for the device 31 preferably include, but are not limited 
to, titanium, medical grade silicone, e.g., Silastic™, 
available from Dow Coming Corporation of Midland, 
Michigan; and polyurethane, e.g., Pellethane™, also 

45 available from Dow Coming Corporation. In other em- 
bodiments, the device 31 may comprise other types of 
biocompatible material, such as, by way of example, 
polyvinyl alcohol, polyvinyl pyrolidone, collagen, 
heparinized collagen, polytetrafluoroethylene, expand- 
so ed polytetrafluoroethylene, fluorinated polymer, fluori- 
nated elastomer, flexible fused silica, polyolefin, polyes- 
ter, polysilicon, and/or a mixture of the aforementioned 
biocompatible materials, and the like. In still other em- 
bodiments, composite biocompatible material may be 

55 used, wherein a surface material may be used in addi- 
tion to one or more of the aforementioned materials. For 
example, such a surface material may include poly- 
tetrafluoroethylene (PTFE) (such as Teflon™), polyim- 
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ide, hydrogel, heparin, therapeutic drugs (such as beta- 
adrenergic antagonists and other anti-glaucoma drugs, 
or antibiotics), and the like. 

[0049] As is well known in the art, a device coated or 
loaded with a slow-release substance can have pro- 5 
longed effects on local tissue surrounding the device. 
The slow-release delivery can be designed such that an 
effective amount of substance is released over a desired 
duration. "Substance", as used herein, is defined as any 
therapeutic or active drug that can stop, mitigate, slow- 10 
down or reverse undesired disease processes. 
[0050] In one embodiment, the device 31 may be 
made of a biodegradable (also including bioerodible) 
material admixed with a substance for substance slow- 
release into ocular tissues. In another embodiment, pol- 15 
ymer films may function as substance containing re- 
lease devices whereby the polymer films may be cou- 
pled or secured to the device 31 . The polymer films may 
be designed to permit the controlled release of the sub- 
stance at a chosen rate and for a selected duration, z° 
which may also be episodic or periodic. Such polymer 
films may be synthesized such that the substance is 
bound to the surface or resides within a pore in the film 
so that the substance is relatively protected from enzy- 
matic attack. The polymer films may also be modified to 25 
alter their hydrophilicity, hydro phobicity and vulnerability 
to platelet adhesion and enzymatic attack. 
[0051] Furthermore, the film may be coupled (locally 
or remotely) to a power source such that when sub- 
stance delivery is desired, a brief pulse of current is pro- so 
vided to alter the potential on the film to cause the re- 
lease of a particular amount of the substance for a cho- 
sen duration. Application of current causes release of a 
substance from the surface of the film or from an interior 
location in the film such as within a pore. The rate of 35 
substance delivery is altered depending on the degree 
of substance loading on the film, the voltage applied to 
the film, and by modifying the chemical synthesis of sub- 
stance delivery polymer film. 

[0052] The power- activated substance delivery poly- 40 
. mer film may be designed to be activated by an electro- 
magnetic field, such as, byway of example, NMR, MRI, 
or short range RF transmission (such as Bluetooth). In 
addition, ultrasound can be used to cause a release of 
a particular amount of substance for a chosen duration. 45 
This is particularly applicable to a substance coated de- 
vice or a device made of a substrate containing the de- 
sired substance. 

[0053] The device 31 may be used for a direct release 
of pharmaceutical preparations into ocular tissues. As so 
discussed above, the pharmaceuticals may be com- 
pounded within the device 31 or form a coating on the 
device 31. Any known drug therapy for glaucoma may 
be utilized, including but not limited to, the following: 

55 

U.S. Pat. No. 6 : 274,138, issued August 14, 2001 
and U.S. Pat. No. 6,231 ,853 : issued May 15, 200i , 
the entire contents of both of which are incorporated 



herein by reference, disclose the function of mito- 
chondria and toxic substances synthesized as a 
metabolic byproduct within mitochondria of cells. 
Perry and associates (Perry HD et al. "Topical cy- 
closporin A in the management of postkeratoplasty 
glaucoma" Cornea 16:284-288, 1997) report that 
topical cyclosporin-A has been shown to reduce 
post-surgical increases in intraocular pressure. It is 
proposed that such compounds with known effects 
on mitochondrial stability might be effective in treat- 
ing trabecular meshwork. An antagonistic drug to 
neutralize the toxic byproduct or a stabilizing drug 
to effect mitochondrial stability is believed able to 
restore the mitochondria function and subsequently 
mitigate the dysfunction of the trabecular mesh- 
work. 

U.S. Patent Application No. 6,201,001, issued 
March 13, 2001, the entire contents of which are 
incorporated herein by reference, discloses Imida- 
zole antiproliferative agents useful for neovascular 
glaucoma; 

U.S. Patent Application No. 6,228,873, issued May 
8, 2001 , the entire contents of which are incorporat- 
ed herein by reference, discloses a new class of 
compounds that inhibit function of sodium chloride 
transport in the thick ascending limb of the loop of 
Henle, wherein the preferred compounds useful are 
furosemide, piretanide, benzmetanide, bumeta- 
nide, torasernide and derivatives thereof. 
U.S. Patent Application No. 6,194,415, issued Feb- 
ruary 27, 2001 , the entire contents of which are in- 
corporated herein by reference, discloses a method 
of using quinoxoalines (2-imidazolin-2-ylamino) in 
treating neural injuries (e.g. glaucomatous nerve 
damage); 

U.S. Patent Application No. 6,060,463, issued May 
9, 2000, and U.S. Patent Application No. 5,869,468, 
issued February 9, 1999, the entire contents of 
which are incorporated herein by reference, dis- 
close treatment of conditions of abnormally in- 
creased intraocular pressure by administration of 
phosphonylmethoxyalkyl nucleotide analogs and 
related nucleotide analogs; 

U.S. Patent Application No. 5,925,342, issued July 
20, 1999, the entire contents of which are incorpo- 
rated herein by reference, discloses a method for 
reducing intraocular pressure by administration of 
potassium channel blockers; 

U.S. Patent Application No. 5,814,620, issued Sep- 
tember 29, 1998, the entire contents of which are 
incorporated herein by reference, discloses a meth- 
od of reducing neovascularization and of treating 
various disorders associated with neovasculariza- 
tion. These methods include administering to a tis- 
sue or subject a synthetic oligonucleotide; 
U.S. Patent Application No. 5,767,079, issued June 
16, 1998, the entire contents of which are incorpo- 
rated herein by reference, discloses a method for 
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treatment of ophthalmic disorders by applying an ef- 
fective amount of Transforming Growth Factor-Beta 
(TGF-beta) to the affected region; 
U.S. Patent Application No. 5,663,205, issued Sep- 
tember 2, 1 997, the entire contents of which are in- 5 
corporated herein by reference, discloses a phar- 
maceutical composition for use in glaucoma treat- 
ment which contains an active ingredient 5-[1-hy- 
droxy-2-[2-(2-methoxyphenoxyl)ethylamino]ethyl]- 
2-methylbenzenesulfonamide. This agent is free 10 
from side effects, and stable and has an excellent 
intraocular pressure reducing activity at its low con- 
centrations, thus being useful as a pharmaceutical 
composition for use in glaucoma treatment; 
U.S. Patent Application No. 5,652,236, issued July 15 
29, 1997, the entire contents of which are incorpo- 
rated herein by reference, discloses pharmaceuti- 
cal compositions and a method for treating glauco- 
ma and/or ocular hypertension in the mammalian 
eye by administering thereto a pharmaceutical 20 
composition which contains as the active ingredient 
one or more compounds having guanylate cyclase 
inhibition activity. Examples of guanylate cyclase in- 
hibitors utilized in the pharmaceutical composition 
and method of treatment are methylene blue, 25 
butylated hydroxyanisole and N-methylhydroxy- 
lamine; 

U.S. Patent Application No. 5,547,993, issued Au- 
gust 20, 1996, the entire contents of which are in- 
corporated herein by reference, discloses that 30 
2-(4methylaminobutoxy) diphenylmethane or a hy- 
drate or pharmaceutically acceptable salt thereof 
have been found useful for treating glaucoma; 
U.S. Patent Application No. 5,502,052, issued 
March 26, 1996, the entire contents of which are 35 
incorporated herein by reference, discloses use of 
a combination of apraclonidine and timolol to con- 
trol intraocular pressure. The compositions contain 
a combination of an alpha-2 agonist (e.g. , para-ami- 
no clonidine) and a beta blocker (e.g., betaxolol); 40 
U.S. Patent Application No. 6,184,250, issued Feb- 
ruary 6, 2001, the entire contents of which are in- 
corporated herein by reference, discloses use of 
cloprostenol and fluprostenol analogues to treat 
glaucoma and ocular hypertension. The method *s 
comprises topically administering to an affected eye 
a composition comprising a therapeutically effective 
amount of a combination of a first compound select- 
ed from the group consisting of beta-blockers, car- 
bonic anhydrase inhibitors, adrenergic agonists, so 
and cholinergic agonists; together with a second 
compound; 

U.S. Patent Application No. 6,159,458, issued De- 
cember 12, 2000, the entire contents of which are 
incorporated herein by reference, discloses an oph- 55 
thalmic composition that provides sustained re- 
lease of a water soluble medicament formed by 
comprising a crosslinked carboxy-containing poly- 



mer, a medicament, a sugar and water; 
U.S. Patent Application No. 6,110,912, issued Au- 
gust 29 ; 2000. the entire contents of which are in- 
corporated herein by reference, discloses methods 
for the treatment of glaucoma by administering an 
ophthalmic preparation comprising an effective 
amount of a non-corneotoxic serine-threonine ki- 
nase inhibitor, thereby enhancing aqueous outflow 
in the eye and treatment of the glaucoma. In some 
embodiments, the method of administration is top- 
ical, whereas it is intracameral in other embodi- 
ments. In still further embodiments, the method of 
administration is intracanalicular; 
U.S. Patent Application No. 6,177,427, issued Jan- 
uary 23, 2001, the entire contents of which are in- 
corporated herein by reference, discloses compo- 
sitions of non-steroidal glucocorticoid antagonists 
for treating glaucoma or ocular hypertension; and 
U.S. Patent Application No. 5,952,378, issued Sep- 
tember 1 4, 1 999, the entire contents of which are in- 
corporated herein by reference, discloses the use 
of prostaglandins for enhancing the delivery of 
drugs through the uveoscleral route to the optic 
nerve head for treatment of glaucoma or other dis- 
eases of the optic nerve as well as surrounding tis- 
sue. The method for enhancing the delivery to the 
optic nerve head comprises contacting a therapeu- 
tically effective amount of a composition containing 
one or more prostaglandins and one or more drug 
substances with the eye at certain intervals. 

[0054] FIGURE 4 illustrates another embodiment of a 
trabecular shunting device 31 A which facilitates the out- 
flow of aqueous from the anterior chamber 20 into Sch- 
lemrrTs canal 22, and subsequently into the aqueous 
collectors and the aqueous veins so that intraocular 
pressure is reduced. The device 31 A comprises an inlet 
section 2A, a middle section 4A, and an outlet section 
9A. The device 31 A further comprises at least one lu- 
men 3A traversing the sections 2A, 4A; 9A and providing 
fluid communication therebetween. The lumen 3A facil- 
itates the transfer of aqueous from the inlet section 2A 
through the device 31 A. The outlet section 9A is prefer- 
ably curved, and may also be somewhat flexible, to fa- 
cilitate positioning of the outlet section 9A within an ex- 
isting outflow pathway of the eye 1 0. The outlet section 
9A further comprises an elongate trough 7A for trans- 
mitting, or venting, aqueous. The elongate trough 7A is 
connected to and in fluid communication with the lumen 
3A within the trabecular shunting device 31 A. 
[0055] A circumferential ridge 8A is provided at the 
junction of the inlet section 2A and the middle section 
4A to facilitate stabilization of the device 31 A once im- 
planted within the eye 10. Preferably, the middle section 
4A has a length (between the ridge 8A and the outlet 
section 9A) that is roughly equal to the thickness of the 
trabecular meshwork 21, which typically ranges be- 
tween about 1 00 uxn and about 300 u.m. In addition, the 
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outlet section 9A may advantageously be formed with a 
protuberance or barb projecting therefrom so as to fur- 
ther stabilize the device 31 A within the eye 10 without 
undue suturing. 

[0056] As will be appreciated by those of ordinary skill 
in the art, the devices 31 and 31 A may advantageously 
be practiced with a variety of sizes and shapes without 
departing from the scope of the invention. Depending 
upon the distance between the anterior chamber 20 and 
the drainage vessel (e.g., a vein) contemplated, the de- 
vices 31, 31 A may have a length ranging from about 
0.05 centimeters to over 1 0 centimeters. Preferably, the 
devices 31 and 31 A have an outside diameter ranging 
between about 30 u/n and about 500 u.m, with the lu- 
mens 7, 3A having diameters ranging between about 20 
ujn and about 250 p,m, respectively. In addition, the de- 
vices 31 , 31 A may have a plurality of lumens to facilitate 
transmission of multiple flows of aqueous. The inlet sec- 
tions 2, 2A have longitudinal axes that form an angle (0) 
ranging between about 20 degrees and about 150 de- 
grees relative to the longitudinal axes of the middle sec- 
tions 4, 4A, respectively. More preferably, the angles be- 
tween the longitudinal axes of the inlet sections 2, 2A 
and the middle sections 4, 4A range between about 30 
degrees and about 60 degrees, respectively. 
[0057] One preferred method for increasing aqueous 
outflow in the eye 10 of a patient, to reduce intraocular 
pressure therein, comprises bypassing the trabecular 
meshwork 21 . In operation, the middle section 4 of the 
device 31 is advantageously placed across the trabec- 
ular meshwork 21 through a slit or opening. This open- 
ing can be created by use a laser, a knife, or other sur- 
gical cutting instrument. The opening may advanta- 
geously be substantially horizontal, i.e., extending lon- 
gitudinally in the same direction as the circumference of 
the limbus 15 (FIGURE 2). Other opening directions 
may also be used, as well. The opening may advanta- 
geously be oriented at any angle, relative to the circum- 
ference of the limbus 1 5, that is appropriate for inserting 
the device 31 through the trabecular meshwork 21 and 
into Schlemm's canal 22 or other outflow pathway, as 
will be apparent to those skilled in the art. The middle 
section 4 may be semi-flexible and/or adjustable in po- 
sition relative to the inlet section 2 and/or the outlet sec- 
tion 9, further adapting the device 31 for simple and safe 
glaucoma implantation. Furthermore, the outlet section 
9 may be positioned into fluid collection channels of the 
natural outflow pathways. Such natural outflow path- 
ways include Schlemm's canal 22, aqueous collector 
channels, aqueous veins, and episcleral veins. The out- 
let section 9 may be positioned into fluid collection chan- 
nels up to at least the level of the aqueous veins, with 
the device inserted in a retrograde or antegrade fashion. 
[0058] FIGURE 5A generally illustrates a step in the 
implantation of the trabecular shunting device 31 
through the trabecular meshwork 21 . The outlet section 
9 of the device 31 is inserted into an opening 61 in the 
trabecular meshwork 21 . A practitioner may create the 
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opening 61 "ab interno" from the interior surface 65 of 
the trabecular meshwork 21 . The practitioner then ad- 
vances the first outlet end 6 of the outlet section 9 
through the opening 61 into a first side of Schlemm's 

5 canal 22 or othersuitable outflow pathway within the eye 
10. Next, the practitioner advances the second outlet 
end 5 through the opening 61 and into a second side of 
Schlemm's canal 22. The advancing of the second outlet 
end 5 may be facilitated by slightly pushing the second 

10 outlet end 5 through the opening 61 . FIGURE 6 gener- 
ally illustrates a further stage in deployment of the de- 
vice 31 : wherein the entire outlet section 9 of the device 
31 is implanted within Schlemm's canal 22, beneath the 
trabecular meshwork 21 . At this stage, the lumen 3 of 

15 the implanted device 31 provides an enhanced fluid 
communication through the trabecular meshwork 21 . 
[0059] FIGURE 5B shows an additional and/or alter- 
nate step in the implantation of the trabecular shunting 
device 31 through the trabecular meshwork 21. The 

20 practitioner inserts a distal end 63 of a guidewire 64 
through the opening 61 into the first side Schlemm's ca- 
nal 22. The practitioner then advances the first outlet 
end 6 of the outlet section 9 into Schlemm's canal 22 by 
"riding," or advancing, the trabecular shunting device 31 

25 on the guidewire 64. As will be apparent to those skilled 
in the art, the guidewire 64 will have a shape and size 
conforming to the shape and size of the lumen 7; and 
as such, may have an elliptical (e.g., oval) shape, a D- 
shape, a round shape, or an irregular (asymmetric) 

30 shape which is adapted for nonrotatory engagement for 
the device 31 . 

[0060] Another method for increasing aqueous out- 
flow within the eye 10 of a patient, and thus reduce in- 
traocular pressure therein, comprises: (a) creating an 

35 opening in the trabecular meshwork 21, wherein the 
trabecular meshwork 21 includes a deep side and su- 
perficial side; (b) inserting the trabecular shunting de- 
vice 31 into the opening; and (c) transmitting aqueous 
through the device 31 , to bypass the trabecular mesh- 

40 work 21 , from the deep side to the superficial side of the 
trabecular meshwork 21 . This "transmitting" of aqueous 
is preferably passive, i.e., aqueous flows out of the an- 
terior chamber 20 due to a pressure gradient between 
the anterior chamber 20 and the aqueous venous sys- 

45 tern 23. 

[0061] Another method for increasing aqueous out- 
flow within the eye 10 of a patient, and thus reduce in- 
traocular pressure therein, comprises a) providing at 
least one pharmaceutical substance incorporated into a 

50 trabecular shunting device at about the middle section 
of the device; b) implanting the trabecular shunting de- 
vice within a trabecular meshwork of an eye such that 
the middle section is configured substantially within the 
trabecular meshwork, the shunting device having a first 

55 end positioned in an anterior chamber of the eye while 
a second end is positioned inside a Schlemm's canal, 
wherein the first and the second ends of the trabecular 
shunting device establish a fluid communication be- 
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tween the anterior chamber and the Schlemm's canal; 
and c) allowing the middle section of the trabecular 
shunting device to release a quantity of said pharma- 
ceutical substance into the trabecular meshwork. 
[0062] It should be understood that the devices 31 5 
and 31 A are in now way limited to implantation within 
only Schlemm's canal 20, as depicted in FIGURES 5A 
and 5B. Rather, the devices 31 and 31 A may advanta- 
geously be implanted within and/or used in conjunction 
with a variety of other natural outflow pathways, or bio- 10 
logical tubular structures, as mentioned above. As will 
be apparent to those of ordinary skill in the art, the de- 
vices 31 and 31 A may advantageously be used in con- 
junction with substantially any biological tubular struc- 
ture without detracting from the scope of the invention, is 
[0063] FIGURE 7 generally illustrates a preferred 
method by which the trabecular shunting device 31 is 
implanted within the eye 10. In the illustrated method, a 
delivery applicator 51 is provided, which preferably com- 
prises a syringe portion 54 and a cannula portion 55 20 
which contains at least one lumen (not shown). The can- 
nula portion 55 preferably has a size of about 30 gauge. 
However, in other embodiments, the cannula portion 55 
may have a size ranging between about 16 gauge and 
about 40 gauge. A distal section of the cannula portion 25 
55 has at least one irrigating hole 53 in fluid communi- 
cation with the lumen. A holder for holding the device 
31 comprises a lumen 56 having a proximal end 57. In 
other embodiments, the holder may advantageously 
comprise a lumen, a sheath, a clamp, tongs, a space, 30 
and the like. The proximal end 57 of the lumen 56 is 
preferably sealed off from the remaining lumen and the 
irrigating hole 53 of the cannula portion 55. As will be 
recognized by those skilled in the art, however, in other 
embodiments of the cannula portion 55, the lumen 56 35 
may advantageously be placed in fluid communication 
with the lumen and irrigating hole 53 of the cannula por- 
tion 55 without detracting from the invention. 
[0064] In the method illustrated in FIGURE 7, the de- 
vice 31 is placed into the lumen 56 of the delivery appli- *o 
cator 51 and then advanced to a desired implantation 
site within the eye 10. The delivery applicator 51 holds 
the device 31 securely during delivery and releases it 
when the practitioner initiates deployment of the device 
31. 45 
[0065] In a preferred embodiment of trabecular mesh- 
work surgery, a patient is placed in a supine position, 
prepped, draped, and appropriately anesthetized. A 
small incision 52 is then made through the cornea. The 
incision 52 preferably has a surface length less than so 
about 1 .0 millimeters in length and may advantageously 
be self-sealing. Through the incision 52, the trabecular 
meshwork 21 is accessed, wherein an incision is made 
with an irrigating knife (not shown). The device 31 is then 
advanced through the corneal incision 52 and across 55 
the anterior chamber 20, while the device 31 is held in 
the delivery applicator 51, under gonioscopic, micro- 
scopic, or endoscopic guidance. After the device 31 is 



appropriately implanted, the applicator 51 is withdrawn 
and the trabecular meshwork surgery is concluded. 
[0066] FIGURE 8 generally illustrates the use of the 
trabecularshunting device 31 for establishing an outflow 
pathway, passing from the anterior chamber 20 through 
the trabecular meshwork 21 to Schlemm's canal 22. As 
illustrated, an opening has been created in the trabec- 
ular meshwork 21 . As will be appreciated by those of 
ordinary skill in the art, such an opening in the trabecular 
meshwork 21 may comprise an incision made with a mi- 
croknife, a pointed guidewire, a sharpened applicator, a 
screw-shaped applicator, an irrigating applicator, a 
barbed applicator, and the like. Alternatively, the trabec- 
ular meshwork 21 may advantageously be dissected 
with an instrument similar to a retinal pick or microcur- 
rette. Furthermore, the opening may advantageously be 
created by fiberoptic laser ablation. Referring again to 
FIGURE 8, the outlet section 9 of the device 31 has been 
inserted in its entirety into the opening in the trabecular 
meshwork 21 . The inlet section 2 is exposed to the an- 
terior chamber 20, while the outlet section 9 is posi- 
tioned near an interior surface 43 of Schlemm's canal 
22. In other embodiments, the outlet section 9 may ad- 
vantageously be placed into fluid communication with 
other natural outflow pathways, such as, but not limited 
to, aqueous collector channels, aqueous veins, and 
episcleral veins, as described above. A device such as 
the device 31A of FIGURE 4, wherein the outflow sec- 
tion 9A has an open trough 7A for stenting purposes, 
may be used to maintain an opening of one or more of 
such natural outflows pathways. With the trabecular 
shunting device 31 implanted as illustrated in FIGURE 
8, aqueous flows from the anterior chamber 20 through 
the device 31 into Schlemm's canal 22, bypassing the 
trabecular meshwork 21 , thereby reducing intraocular 
pressure within the eye 10. 

[0067] Although preferred embodiments of the inven- 
tion have been described in detail, including ab intemo 
and ab extemo procedures and devices thereof, certain 
variations and modifications will be apparent to those 
skilled in the art, including embodiments that do not pro- 
vide ail of the features and benefits described herein. 
Accordingly, the scope of the present invention is not to 
be limited by the illustrations or the foregoing descrip- 
tions thereof, but rather solely by reference to the ap- 
pended claims. 

[0068] The features of the appended claims may be 
combined in combinations other than those specifically 
recited. 



Claims 

1. A trabecular shunting device that is implantable 
within an eye, said device comprising: 

an inlet section having at least one inlet lumen; 
a flow-restricting member within the at least 
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one inlet lumen, said flow-restricting member 
being configured to prevent at least one com- 
ponent of blood from passing through the flow- 
restricting member; 

an outlet section having a first outlet end and a 5 
second outlet end, said outlet section having at 
least one outlet lumen that opens to at least one 
of the first and second outlet ends; and 
a middle section having at least one middle lu- 
men, said middle section being attached to said 10 
outlet section between the first and second out- 
let ends, said at least one middle lumen being 
in fluid communication with both said at least 
one outlet lumen and said at least one inlet lu- 
men; 15 

wherein the device is configured to permit flu- 
id entering said at least one inlet lumen to pass 
through the flow-restricting member, enter said at 
least one middle lumen, pass into said at least one 20 
outlet lumen,- and then exit the outlet section 
through at least one of said first and second outlet 
ends. 

2. The device of Claim 1 s wherein said outlet section 25 
is flexible. 

3. The device of Claim 1 , wherein said middle section 
is coextensive with said inlet section. 

30 

4. The device of Claim 1 , wherein said middle section 
is adjustable in position relative to at least one of 
said inlet section and said outlet section. 

5. The device of Claim 1 , wherein sajd outlet section 35 
has a radius of curvature which ranges between 
about 4 millimeters and about 10 millimeters. 

6. The device of Claim 1, wherein a longitudinal axis 

of the outlet section forms an angle with a longitu- *o 
dinal axis of the middle section, said angle being 
between about 30 degrees and about 150 degrees. 

7. The device of Claim 1, wherein a longitudinal axis 

of the middle section forms an angle with a longitu- 45 
dinal axis of the inlet section, said angle being be- 
tween about 20 degrees and about 150 degrees. 

8. The device of Claim 1 , wherein a junction between 
said inlet section and said middle section comprises so 
a circumferential ridge : wherein a distance between 

the circumferential ridge and a junction between the 
middle section and said outlet section is between 
about 1 00 micrometers and about 300 micrometers. 

55 

9. The device of Claim 1, wherein said outlet section 
further comprises at ieast one side opening thai is 
in fluid communication with said lumen of the outlet 



section. 

10. The device of Claim 1 , wherein said outlet section 
further comprises at least one protuberance that 
projects from an exterior surface of the outlet sec- 
tion. 

11. The device of Claim 1, wherein said outlet section 
further comprises at least one spur that projects 
from an exterior surface of the outlet section. 

12. The device of Claim 1 , wherein said outlet section 
comprises an elongate trough that is in fluid com- 
munication with the lumen of said middle section. 

13. The device of Claim 1, wherein said inlet section 
has an exterior diameter ranging between about 30 
micrometers and about 500 micrometers. 

14. The device of Claim 1, wherein the lumen within 
said inlet section has a diameter between about 20 
micrometers and about 250 micrometers. 

15. The device of Claim 1 , wherein said middle section 
has an exterior diameter between about 30 microm- 
eters and about 500 micrometers. 

16. The device of Claim 1, wherein the lumen within 
said middle section has a diameter between about 
20 micrometers and about 250 micrometers. 

17. The device of Claim 1 , wherein said outlet section 
has an exterior diameter between about 30 microm- 
eters and about 500 micrometers. 

18. The device of Claim 1, wherein the lumen within 
said outlet section has a diameter between about 
20 micrometers and about 250 micrometers. 

19. The device of Claim 1, wherein said outlet section 
has a longitudinal length between about 0.05 cen- 
timeters and about 10 centimeters. 

20. The device of Claim 1, wherein said outlet section 
and said lumen within the outlet section have a gen- 
erally ovoid cross-section. 

21 . The device of Claim 1 , wherein said device is coat- 
ed with at least one polymer film that contains at 
least one pharmaceutical substance, said polymer 
film permitting a delivery of a quantity of the phar- 
maceutical substance to ocular tissues over time. 

22. The device of Claim 21 , wherein said delivery is ac- 
tivated by incidence of an electromagnetic field. 

23. The device of Claim 22, wherein said electromag- 
netic field arises due to Nuclear Magnetic Reso- 
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nance (NMR) 

24. The device of Claim 22. wherein said electromag- 
netic field arises due to Magnetic Resonance Imag- 
ing (MRI) 

25. The device of Claim 22, wherein said electromag- 
netic field arises due to short range RR 

26. The device of Claim 21 , wherein said delivery is ac- 
tivated by ultrasound waves. 

27. The device of Claim 1 , wherein said device is made 
of a material comprising at least one pharmaceuti- 
cal substance admixed with a polymer substrate. 

28. The device of Claim 27, wherein said polymer sub- 
strate is selected from the group consisting of poly 
(lactic acid), polyethylene-vinyl acetate), poly(lac- 
tic-co-glycolic acid), poly(D,L-!actide), poly(D,L-lac- 
tide-co-trimethylene carbonate), collagen, 
heparinized collagen, poly(caprolactone), poly(gly- 
colic acid), and copolymer. 

29. The device of Claim 1 , wherein said device is made 
of a material comprising at least one pharmaceuti- 
cal substance admixed with a biodegradable sub- 
strate, wherein said biodegradable substrate is se- 
lected from the group consisting of poly(lactic acid), 
polyethylene-vinyl acetate, poly(lactic-co-glycolic 
acid), poly(D,L-lactide), poly(D,L-lactide-co-tri- 
methylene carbonate), collagen, heparinized colla- 
gen, poly(caprolactone), poly(glycolic acid), and co- 
polymer. 

30. An apparatus for implanting a trabecular shunting 
device within an eye, said apparatus comprising: 

a syringe portion; 

a cannula portion having proximal and distal 
ends, said distal end of said cannula portion at- 
tached to said syringe portion, said cannula 
portion further comprising a first lumen and at 
least one irrigating hole, said hole disposed be- 
tween said proximal and distal ends of the can- 
nula portion, said irrigating hole being in fluid 
communication with the lumen; and 
a holder comprising a second lumen for holding 
the trabecular shunting device, wherein a distal 
end of the second lumen opens to said distal 
end of the cannula portion, and a proximal end 
of the second lumen is separated from said first 
lumen of the cannula portion; 

wherein said holder holds the trabecular 
shunting device during implantation of said device 
within the eye, and said holder releases the trabec- 
ular shunting device when a practitioner activates 



deployment of said device. 

31. The apparatus of Claim 30, wherein said cannula 
portion has a size ranging between about 1 6 gauge 

5 and about 40 gauge. 

32. The apparatus of Claim 30, wherein said cannula 
portion has a size of about 30 gauge. 

10 33. The apparatus of Claim 30, wherein said cannula 
portion has at least one lumen which is in fluid com- 
munication with said irrigating hole and with said 
holder. 
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